We report the first detailed chemical abundance analysis of the exoplanethosting M-dwarf stars from the analysis of highresolution (R ∼ 22,500) H-band spectra from the SDSS IV -APOGEE survey. Chemical abundances of thirteen elements -C, O, Na, Mg, Al, Si, K, Ca, Ti, V, Cr, Mn, and Fe -are extracted from the APOGEE spectra of these 1 Observatório Nacional, Rua General José Cristino, 77, 20921-400 São Cristóvão, Rio de Janeiro, RJ, Brazil 
Introduction
The Kepler mission (Koch et al. 2010; Batalha et al. 2013 ) has discovered, to date, more than 2,300 transiting exoplanets around stars of various stellar types. The majority of exoplanets discovered by Kepler have radii between 2 R ⊕ < R < 6 R ⊕ and most of these are found in close orbits around F-G-K stars, while some 300 have radii smaller than 1.2 R ⊕ 1 . Given that the detection of exoplanets from their transits is directly related to the size of the planet relative to that of its host star, the cooler and also smaller, low-mass main-sequence stars (M-dwarfs) allow for the detection of smaller planets when compared to solar-type stars. For example, the smallest exoplanets for which the radius can be measured are hosted by M-dwarfs, with Kepler-138 and Kepler-186 being noteworthy examples. Kepler-138 has two confirmed planets, and is known to host one of the smallest planets discovered to date (Kepler-138b), having been recognized as a Mars-sized exoplanet (Jontof-Hutter et al. 2015) , Kepler-186 has five planets and hosts the first Earth-sized exoplanet (Kepler-186f) found in a star's habitable zone, as reported in Quintana et al. (2014) .
A precise, quantitative spectroscopic analysis of these two M-dwarfs, which host particularly interesting exoplanets, is important for the characterization of the host stars (determination of the effective temperature, T eff , surface gravity, log g, metallicity and detailed chemical abundances). The stellar parameters T eff and log g can be used to constrain the stellar radius, which is needed to determine the physical size of an exoplanet, as the tran-sit depth reveals primarily the ratio of exoplanet radius to host-star radius. Knowing the detailed chemistry of the host-star is also important, as this is thought to play a key role in conditions in the protoplanetary disk and subsequent planetary formation. For example, certain abundance ratios, such as Mg and Si relative to O, can affect core to mantle mass ratios in rocky exoplanets, while C/O ratios control ice chemistry in protoplanetary disks (e.g., Bond et al. 2010; Delgado-Mena et al. 2010; Teske et al. 2014; Thiabaud et al. (2015) ; Santos et al. (2015) ; Dorn et al. (2016) ; Brewer & Fischer 2016) .
Previous detailed spectroscopic analyses of exoplanet host-stars have largely focused on the warmer F-G-K hosts and these analyses have reached impressive levels of precision, with typical precision in T eff of ∼ 10-50 K, in log g of ∼ 0.1 dex, or in values of elemental abundances ([X/H]) of 0.02 -0.05 dex in the most precise analyses (e.g., Meléndez et al. 2009; Ghezzi et al. 2010; Adibekyan et al. 2012; Nissen 2015; Schuler et al. 2015) . Such results have yet to appear for exoplanet-hosting M-dwarfs, due primarily to the difficulty of analyzing M-dwarf spectra in the optical region (λ < 10,000Å): dwarfs with T eff < 4000 K exhibit numerous molecular bands, primarily from TiO, that increase dramatically in strength with decreasing T eff . However, attempts have been made to derive Fe, Ti and Ca abundances from optical high-resolution spectra (Woolf & Wallerstein 2005 , Bean et al. 2006 , Chavez & Lambert 2009 and Neves et al. 2014 . To produce detailed elemental abundance results for M-dwarfs that rival those for F-G-K dwarfs, it is useful to shift the analysis to the near-infrared (near-IR) part of the spectrum (λ ∼ 1.1 -2.5 µm), where both the strength and density of molecular absorption features drops relative to optical wavelengths, especially for the warmer M-dwarfs. Recent high-resolution analyses in the J-and K-bands have derived metallicities (Önehag et al. 2012 (Önehag et al. , Lindgren et al. 2016 ) and C/O ratios (Tsuji et al. 2014 (Tsuji et al. , 2015 (Tsuji et al. , 2016 in M-dwarfs.
In this paper, we present the first detailed near-IR chemical abundance analysis of Mdwarfs observed by the SDSS IV -Apache Point Observatory Galactic Evolution Experiment (APOGEE, Majewski et al. 2015) . The two targets are the planet hosting M-dwarfs Kepler-138 and Kepler-186. APOGEE is a survey dedicated to studying Galactic evolution from observations of red-giants; however, APOGEE has also observed a number of M-dwarfs (around 2,000) under ancillary projects, or as additional survey targets for filling in some fields. This paper demonstrates that APOGEE spectra can be analyzed to determine detailed chemical compositions of M-dwarfs in general, and of planet-hosting M-dwarfs in particular. Section 2 describes the observed spectra from APOGEE, while in Section 3 the determination of the atmospheric parameters and the abundance analysis for the targets is outlined and presented. Results are discussed in Section 4 and possible connections between certain abundance ratios and exoplanet properties are explored.
APOGEE Spectra of the Exoplanet-Hosting M-dwarfs Kepler-138 and
Kepler-186
The APOGEE spectrograph operating at the Apache Point Observatory (APO) on the SDSS 2.5-meter telescope (Gunn et al. 2006 ). The instrument is a cryogenic 300-fiber spectrograph covering the wavelength range from λ ∼ 1.50 µm -1.70 µm at high resolution (R = λ/∆λ ∼ 22,500; Wilson et al. 2010) . The raw data are reduced to wavelength and flux calibrated spectra via pipeline processing (Nidever et al. 2015) .
Kepler-138 and Kepler-186 were observed by APOGEE under an ancillary project devoted to the study of M-dwarf radial velocities (Deshpande et al. 2013) . APOGEE obtained observations in two visits of three hours each, resulting in combined spectra with final signalto-noise ratios per pixel of ≈ 333 and ≈ 96 for respectively . This is the first study to explore in detail high-resolution spectra of M-dwarfs in the APOGEE region. The high S/N spectrum of Kepler-138 (M0.5V) is valuable in identifying atomic and molecular lines that are useful for detailed abundance analyses of M-dwarfs (Figure 1 ; Section 3.2). These features will then be used to define spectral windows for the automated abundance analyses via the ASPCAP pipeline (APOGEE Stellar Parameter and Chemical Abundances Pipeline; García Pérez et al. 2016) . Currently, ASPCAP is designed primarily to analyze the spectra of red-giants, which are the main targets for the APOGEE survey; a future goal will be to have ASPCAP produce reliable results for dwarfs in general, and M-dwarfs in particular. We note that APOGEE data release 12 (DR12; Alam et al. 2015) and earlier do not present stellar parameters and abundances for M-dwarfs (as the DR12 APOGEE line list did not include H 2 O and FeH transitions). The most recent data release 13, (DR13; Albareti et al. 2016 ) has results for M-dwarfs, however, these are based on a line list that includes H 2 O but not yet FeH transitions, which are important in the spectra of M-dwarfs in this wavelength region (see Section 3.2). A future application of this work will be to incorporate FeH lines into the APOGEE line list.
Atmospheric Parameters and Spectrum Synthesis Analysis

Stellar Parameters
The adopted atmospheric parameters for Kepler-138 and Kepler-186 are given in Table 1. The effective temperatures adopted in this study were derived from the photometric calibrations for M-dwarfs by Mann et al. (2015) for the V -J and, r-J colors. The effective temperatures obtained for the two colors were very similar for the two stars, with a mean effective temperature and standard deviation of: T eff (Kepler-138) = 3835 ± 21 K and T eff (Kepler-186) = 3852 ± 20 K, confirming that they are both early-type M-dwarfs. Note that no interstellar reddening corrections were applied, as the M-dwarfs studied here have distances less than ∼ 150 pc.
Comparisons were made with two other M-dwarf photometric calibrations from Casagrande et al. (2008) and Boyajian et al. (2012) , both for the color indices V -J, V -H, V -Ks. The effective temperatures obtained using the Boyajian et al. (2012) calibration agreed well, but were slightly cooler (∼ 30 K) than those from Mann et al. (2015) , while the calibration from Casagrande et al. (2008) resulted in lower T eff 's by about ∼ 80 K.
Surface gravities (log g) for the targets were calculated using the Bean et al. (2006) empirical relation of log g as a function of stellar mass. Stellar masses were derived using the calibrations described in Delfosse et al. (2000) for the absolute magnitudes M V , M J , M H , and, M K , which were calculated assuming stellar distances of 66.5 pc and 151 pc for Kepler-138 (Pineda et al. 2013) and Kepler-186 (Quintana et al. 2014) , respectively. The derived masses are: M/M ⊙ = 0.59 ± 0.02 for Kepler-138 and M/M ⊙ = 0.52 ± 0.03 for Kepler-186 (mean masses and standard deviations calculated using the four adopted absolute magnitudes) and the derived values of surface gravities are: log g = 4.64 dex for Kepler-138 and log g = 4.73 for Kepler-186 (Table 1) .
In order to estimate the uncertainties in the derived atmospheric parameters, we used the internal errors quoted in the studies mentioned above: Mann et al. (2015) report an internal uncertainty for the T eff calibration of ∼ ±60 K; Delfosse et al. (2000) find their results to have a precision of 10% which returns an uncertainty of ∼ ±0.05 M ⊙ , and Bean et al. (2006) estimate that the internal uncertainty in their calibration is ±0.08 dex in log g. We also added the uncertainties related to the errors in the photometry of ∼ 0.03 mags. The estimated uncertainties in T eff , log g and stellar mass were added in quadrature and result in final uncertainties of ± 64 K in T eff ; ± 0.06 M ⋆ ; and ± 0.10 dex in the log g (Table 1 ).
In addition, estimates of the effective temperatures for the target stars could also be obtained from their spectra. Spectroscopic T eff 's were derived from the two oxygen abundance indicators present in the APOGEE spectra of these M-dwarfs: the OH lines (Table 2 ) and H 2 O lines (at 15253.3Å, 15315.7Å, 15317.3Å and 15334.9Å) . Figure 2 shows the variation of oxygen abundance with effective temperature from the OH (solid line) and H 2 O lines (dashed line) for Kepler-138. (The methodology for the abundance analysis is described in Section 3.2). The oxygen abundances displayed were computed by changing the effective temperature in the model atmospheres, while keeping the log g constant ( Table 1 ). The OH lines are rather insensitive to the effective temperature, in contrast to the H 2 O lines, which show a much steeper O-abundance trend with T eff , offering the possibility of finding the T eff -A(O) pair that best matches the spectral lines of both OH and H 2 O simultaneously. The point of agreement in the oxygen abundance for Kepler-138 is T eff = 3833 K, as shown in Figure 2 , while for Kepler-186 it is T eff = 3850 K. The spectroscopic values of T eff derived using this method are effectively indistinguishable, within the uncertainties, from the effective temperatures computed using the Mann et al. (2015) photometric calibration. Newton et al. (2015) also derived effective temperatures for the target stars from H-band low-resolution spectra. Their derived T eff for Kepler-138 (T eff = 3841 K) agrees with our determination; for Kepler-186, however, they find a much cooler effective temperature (T eff = 3624 K), which is not in agreement with the H 2 O and OH lines in the observed APOGEE spectrum of Kepler-186. A more detailed discussion of the effective temperature scale for the APOGEE spectra will be presented in Souto et al. (2016; see also Schmidt et al. 2016 ).
Abundance Analysis
Since most of the lines in the APOGEE spectra of M-dwarfs, both atomic and molecular, are blended to varying degrees, spectrum synthesis fitting was used, rather than equivalentwidth measurements, to compute chemical abundances of several elements. The abundance analysis presented here is based on the LTE spectral synthesis code turbospectrum (Plez 2012; Alvaréz & Plez 1998 ) together with plane-parallel MARCS model atmospheres (Gustafsson et al. 2008 ) computed specifically for the stellar parameters derived above. As part of this 1-D analysis, we investigated the sensitivity of the spectral lines to the microturbulence parameter. The synthetic spectra exhibited little sensitivity to the microturbulent velocity for most of the spectral lines, except for the OH lines, which were found to be more sensitive. The OH lines were then used to estimate the microturbulent velocities, using a similar methodology as described in Smith et al. (2013) for Fe I. We computed oxygen abundances corresponding to ξ = 0.50, 0.75, 1.00, 1.25, 1.50 km.s −1 and the selected value of ξ was the one showing the lowest spread in the oxygen abundances from the different OH lines. We obtained ξ = 1.0 ± 0.25 km s −1 for both Kepler-138 and Kepler-186.
Enhancements to the APOGEE Line List for the study of M-dwarfs
The most recent version of the APOGEE line list for DR13 (tagged version 20150714) was used in the computation of synthetic spectra. The APOGEE DR13 line list is an updated version of the DR12 line list (Shetrone et al. 2015; see also Holtzman et al. 2016 ). In the context of the study of cool dwarfs, an important improvement in the DR13 line list, relative to DR12, is the inclusion of the strongest water lines from Barber et al. (2006): 1,891,108 water transitions were added. Inclusion of water transitions in the APOGEE line list is crucial for modeling the spectra of M-dwarfs and, in particular, of M-dwarfs of later spectral types (Allard 2000; Tsuji et al. 2015) . At the effective temperatures of the studied stars (T eff ∼ 3850 K) the intensities of H 2 O lines, however, are generally weak, with the stronger water lines falling in the blue part of the APOGEE spectra. Figure 3 shows in the top panels synthetic spectra computed only with the water line list for two spectral regions of the APOGEE spectra (left side between 15200 -15300Å and right side between 16500 -16600Å). The presence of weak water lines throughout the spectra has the general effect of lowering the pseudo stellar continuum by at most ∼ 2 percent. However, these lines of H 2 O, although relatively weak in the spectra of the target stars, are quite valuable for constraining their effective temperatures, as discussed in Section 3.1.
As previously mentioned, the APOGEE line list does not include any transitions of iron hydride, an important contributor to the spectra of M-dwarfs (Önehag et al. 2012; Lindgren et al. 2016) . It was clear from our test syntheses that the DR13 line list could not match well several features in the observed spectra of the target stars. To investigate if the unmatched features were due to FeH, we first tested the line list from Phillips et al. (1987) that includes the vibration-rotation transition of the FeH ∆ 4 -∆ 4 system. The computed FeH lines from this line list were weak and did not improve the matching of the observed spectra. Therefore, the missing lines in the line list are probably not from the F-X FeHtransition and the Phillips et al. (1987) was not included in the line list for this study. The unmatched lines, however, could be from the E-X FeH transition with a bandhead at 1.35 µ (described in Balfour et al. 2004 ). The addition of the FeH lines from Hargreaves et al. (2010) , on the other hand, improved the matching of several of the unidentified features in the synthetic spectra. Hargreaves et al. (2010) studied the electronic transition for the FeH E 4 Π -A 4 Π system in the near-IR from 1.58 µm up to 1.7 µm, see also Wallace & Hinkle (2001) . Additional line lists for the hydrides MgH, CaH, and CrH from Kurucz (1993) were also tested, but these did not produce improvements in the overall fits, nor could we identify any matching features from these hydrides in the target star spectra. We note that there remain a few unidentified features, e.g., at 15232Å and 16059Å. Future work on the line list is still needed in order to fully match the spectra of M-dwarfs in the APOGEE region. The line list constructed for this study is however, fairly complete in order to derive detailed chemical abundances of several elements. The third row (top-to-bottom) panels show the DR13 line list including atomic and molecular lines. Best fitting spectra of Kepler-186 using the enhanced line list for this study are illustrated in the bottom panels of the Figure 3. 
Derived Abundances
We derived the chemical abundances of thirteen elements: C, O, Na, Mg, Al, Si, K, Ca, Ti, V, Cr, Mn, and Fe in the APOGEE spectra of the M-dwarfs Kepler-138 and Kepler-186. Table 2 lists the selected transitions for this manual abundance analysis, as well as, the excitation potentials (eV) and oscillator strengths (log gf) of the lines from DR13, except for FeH (see 3.2.1). The selected lines for the abundance analyses are also indicated in Figure 1 (with dots underneath the features). These spectra are dominated by a large number of OH lines (more than 70 OH lines are easily identified in the spectra).
Unfortunately, lines of the CN molecule, as well as the atomic lines of S I, Co I, Ni I, and Cu I, which can be measured in the APOGEE spectra of red-giants (Smith et al. 2013) , become very weak and mostly blended with other species in the M-dwarfs.
The abundances for most of the studied elements were derived from neutral atomic lines, with the exception of C and O, for which we used molecular lines of 16 OH (36 individual transitions of OH) and 12 C 16 O (four regions containing CO lines λ15570-15600, λ15970-16010, λ16182-16186, λ16600-16650), respectively. We also checked the possibility of measuring carbon abundances from the C I lines (at 15784.546Å, 16004.900Å and 16890.417Å) but found these lines to be too weak. We derived a carbon abundance from the weak CO lines (for an assumed oxygen abundance, although the CO lines are not very sensitive to the oxygen abundances) and then derived an oxygen abundance from the various strong OH lines. In principle, there is one combination of carbon and oxygen abundances that will produce a good match for both the CO and OH lines, as the OH lines are also sensitive to the carbon abundances. As discussed above, the spectra do not show any contribution from CN and the synthetic spectra were very insensitive to any changes in the nitrogen abundances.
Best fitting synthetic spectra were obtained both from visual comparisons of the ob-served and modeled spectra around the selected lines for abundance analyses and from the computed differences and standard deviations between the observed spectrum and synthesis. We manually defined the windows covering the selected lines, applied any needed adjustments in radial velocities and defined the pseudo-continuum either locally or in more distant regions depending on each case. Once we had a visual best fit abundance we computed the minimum χ 2 and verified that the best abundance corresponded to a minimum χ 2 in each case. The synthetic spectra were broadened with a Gaussian profile corresponding to a fullwidth half maximum (FWHM ∼ 0.73Å), given by the APOGEE spectral resolution. We note that in some cases Gaussian profiles with slightly different FWHM (from ∼ 0.65 -0.8 A) were used to adequately fit the observed line profiles. This is because the APOGEE LSF and the resolution vary slightly depending on the fiber and spectral region (Holtzman et al. 2015) . The target M-dwarfs are rotating slowly and below the limit set by the resolution of the instrumental profile. No extra broadening beyond the FWHM was needed to fit the spectra, although marginally larger FWHM were needed to fit Kepler-186 when compared to Kepler-138. Figure 3 (bottom panels) shows best fitting spectra obtained for the target star Kepler-138. Detailed examples of the fits obtained for at least one spectral line per studied element for both Kepler-138 (blue spectra) and Kepler-186 (green spectra) are shown in Figure 4 . Individual line and molecular feature abundances are presented in Table 2 , along with mean values and their standard deviations.
The iron abundances were derived from the sample Fe I lines in Table 2 . There are, however, systematic differences between the mean iron abundances based on Fe I transitions and the iron abundances from best overall fits obtained for the FeH lines in the observed M-dwarf spectra: the FeH lines indicate an iron abundance on average 0.10 -0.15 dex lower than the mean value using the sample Fe I lines (both values for the Fe abundances are listed in Table 2 ). The gf-values for the Fe I transitions in this study are from DR13 and have been adjusted to fit the spectra of the Sun and Arcturus; adjustments were only allowed within 2σ of the gf-value estimated uncertainties (Shetrone et al. 2015) . The gf-values for the FeH transitions were computed from their intensities in Hargreaves et al. (2010; Section 3.2.1); such gf-values may be more uncertain and have not yet been verified. It is impossible to derive astrophysical gf-values for FeH lines using the same scheme as for the construction of the DR13 line list, as FeH is not measurable in the spectra of the Sun and Arcturus. Due to the uncertainties in the FeH gf-values, we adopt iron abundances based upon the Fe I lines in this study. Improvements to the FeH gf-values will be presented in a future paper (Souto et al. 2016 ).
The uncertainties of the derived abundances due to uncertainties in the adopted stellar parameters can be estimated in a manner similar to that presented in Souto et al. (2016) . We adopted the model atmosphere used in the analysis of Kepler-138 as a baseline model, and changed the atmospheric parameters by T eff + 65 K; log g + 0.10 dex; [M/H] + 0.20 dex; C/O + 0.15, one at a time (Table 3) . The sensitivity to the microturbulent velocity parameter is also given (ξ + 0.25 km s −1 ) but it is negligible for all species, except OH. The last column in Table 3 presents the quadrature sum of abundance changes due to variations in the parameters as discussed above. Note that while the errors in [Mg/H] and [Si/H] are dominated by uncertainties in the effective temperature, these errors effectively cancel out in the ratio [Mg/Si]. We also estimate an abundance uncertainty of ∼ 0.02 dex and ∼ 0.06 dex that comes from overall uncertainties in setting the pseudo-continuum in the spectra of Kepler-138 and Kepler-186, respectively. These uncertainties in the pseudo-continuum placement are folded into the final abundance uncertainties which are presented in Table 4 , together with the mean abundances (in the [X/H] notation) for the two studied stars.
Comparisons with Metallicities Derived from Low-Resolution Spectra
The abundances from Table 2 In a recent study that explores more deeply the low-resolution metallicity analysis technique, Veyette et al. (2016) investigated the impact of varying the C and O abundances on the metallicities derived from calibrations that are based on spectral indices measured from low-resolution spectra (Rojas-Ayala et al. 2012; Terrien et al. 2012; Mann et al 2013; Newton et al. 2014) . Veyette et al. (2016) use synthetic spectra generated with PHOENIX models (Allard et al. 2012a,b) to evaluate how the C/O ratio influences the measured equivalent widths of the Na I and Ca I features that are used to determine metallicities. They find that the pseudo-continua of synthetic spectra of M-dwarfs are very sensitive to the C/O abundance ratios. In essentially all M-dwarfs the carbon-to-oxygen abundance ratio is less than 1 (C/O<1) and the very stable CO molecule binds nearly all C into CO, with the remaining O atoms (defined by O-C) going into H 2 O and OH. As Veyette et al. (2016) point out, CO and H 2 O dominate the line opacity of M-dwarfs in the near-IR, and the strengths of the CO and H 2 O lines are sensitive functions of the C/O ratio. The molecular absorption from these species thus define the pseudo-continuum against which the Na I and Ca I equivalent widths are defined. The detailed modelling in Veyette et al. (2016) demonstrates the importance of the C/O ratios (or, as they point out, the crucial variable is O-C), because differences greater than 1 dex in [Fe/H] can be obtained based on different assumed values of C/O when using the Na I and Ca I indicators. The derivation of individual, precise carbon and oxygen abundances, such as is presented in this analysis of high-resolution APOGEE spectra, may help in calibrating some of the low-resolution metallicity indicators for M-dwarfs. This will be investigated in analyses of much larger samples of M-dwarfs (Souto et al. 2016 ) and will be particularly interesting for the coolest dwarfs.
Detailed Chemical Abundance Distributions
The near-IR APOGEE spectra are shown here enable the derivation of detailed abundance patterns in M-dwarf stars; this was discussed and demonstrated in Sections 3.2 and 3.3, with abundances of thirteen elements presented in Tables 2 and 3 The slight enhancement of silicon in Kepler-186, with [Si/Fe] = +0.18, could be of interest as Si is an important element in determining the internal structure of Earth-sized rocky planets (e.g., Unterborn, Dismukes, & Panero 2016; Brewster & Fischer 2016) . It is worth noting that the Si I lines sample both weak and strong lines, so the Si abundance is likely to be fairly secure. By itself, the small enhancement of Si relative to Fe in Kepler-186 may not be significant, in particular because the APOGEE spectrum of Kepler-186 is noisier than the one for Kepler-138. Larger samples of exoplanet-hosting M-dwarfs need to be studied in high-resolution to further investigate if this is a real signature. (See also Terrien et al. 2015b for potential methods for estimating α/Fe from low-resolution spectra).
The recent studies of and Brewer & Fischer (2016) point out the importance of specific key elements in affecting the interior structures of small planets, with the examples in these papers being the elemental ratios of C/O and Mg/Si. (See also Dorn et al. 2015 and Alibert 2016) . Figure 5 shows results for linear values of C/O versus Mg/Si for the sample of 849 stars from Brewer & Fischer (2016; see also DelgadoMena et al. 2010) , which contains both known exoplanet-hosting FGK-dwarfs, as well as FGK-dwarfs whose exoplanet-hosting status is unknown. Given the results from the Kepler mission, as well as modeling of those results, it is likely that nearly all FGK-dwarfs host small (super Earth-sized) planets; thus a well-defined criterion of 'exoplanet host' or 'nonexoplanet host' may not be possible to apply. Perhaps a better label would be to associate known exoplanet-hosting stars with the type of exoplanets that they host. Also shown are in Figure 5 are results from Schuler et al. (2015) for five Kepler G-dwarfs that host small exoplanets that are similar to the types of exoplanets hosted by Kepler-138 and Kepler-186; estimated uncertainties are shown as error bars for the two M-dwarfs analyzed here. As mentioned, the plotted quantities are on a linear scale and the scatter from the results in Brewer & Fischer (2016) and Schuler et al. (2015) is quite small. Both Kepler-138 and Kepler-186 fall within the scatter defined by the much hotter FGK-dwarfs, with the already discussed somewhat high Si abundance in Kepler-186 pulling its Mg/Si value to the low side of the distributions. Chemical evolution in this diagram moves from larger Mg/Si and smaller C/O ratios at lower metallicity and moves to lower Mg/Si and larger C/O ratios as metallicity increases (e.g., Nissen et al. 2014) , or from lower right to upper left. Being near-solar metallicity, both Kepler-138 and Kepler-186 exhibit roughly solar values of C/O, with Kepler-138 also having nearly the same Mg/Si ratio as the Sun, but with Kepler-186 slightly off the main trend because of its slight Si enhancement.
Summary
The main result from this study is to demonstrate that a detailed chemical abundance analysis of the elements C, O, Na, Mg, Al, Si, K, Ca, Ti, V, Cr, Mn and Fe can be derived high-resolution 1.5 -1.7 µm APOGEE spectra of early M-dwarfs. This is the first study of this type and the first time that detailed chemical abundances of a large number of elements are presented for M-dwarfs in general, and for Kepler exoplanet-hosting M-dwarfs, in particular.
The target stars are interesting early type M-dwarfs that host Earth-sized, or smaller, exoplanets, one of which falls in the habitable zone and the other having about the size of Mars. Both of these low-mass stars are found to be slightly metal-poor, with near-solar C/O ratios, and other abundance ratios that are also near-solar. Kepler-186 exhibits a marginally enhanced [Si/Fe] ratio; silicon is an important element when modelling the interiors of rocky exoplanets. The average of the α-element abundances, relative to Fe, in Mg, Si, Ca, Ti) is [α/Fe] = +0.05, which is what would be expected for a slightly metal-poor star.
Careful comparisons with metallicities derived from low-resolution spectral measurements in M-dwarfs indicate possible systematic differences of ∼ 0.2 dex and future comparisons using larger samples of APOGEE spectra may aid in calibrations for low-resolution spectra of M-dwarfs.
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